Legionella-like amebal pathogens (LLAPs) are nonculturable, protozoonotic, gram-negative bacilli. They were named LLAPs because of their ability to infect and multiply intracellularly within amebae (Figure 1 ) in the same way that legionellae infect and multiply in protozoa and human alveolar macrophages (1-3). However, unlike other known legionellae, LLAPs do not grow routinely on buffered charcoal yeast extract agar (BCYE), or on any other known bacteriologic media.
The first known LLAP was isolated from Polish soil by Drozanski in 1954 (4) . Until 1991 when it was described and given the name Sarcobium lyticum (5) , it was simply referred to as an obligate intracellular bacterial parasite of free-living amebae (6, 7) . The next isolation of an LLAP was in England more than 20 years later. Since then, LLAPs have been commonly isolated from various sources and found to infect a variety of amebae (Table 1) . Because one LLAP cannot be differentiated from another, each strain is given the name LLAP suffixed by a designated number. Except for S. lyticum, LLAP-1, LLAP-5, and LLAP-3, which was a clinical isolate, all LLAPs were originally isolated from sources associated with confirmed cases or outbreaks of Legionnaires' disease (Table 1) .
Amebae are natural hosts for legionellae in the environment (2) and have been used to isolate legionellae from clinical samples (8) . The relationship between these organisms is unique in that amebae, which generally use other bacteria as food, are parasitized by legionellae. The mechanism by which legionellae multiply and evade host defenses in amebae simulates the mechanism of infection in humans (9, 10) . The ability of Legionella pneumophila to infect epithelial cells in vitro is also enhanced by prior cultivation of the bacteria in amebae (11) . This suggests that there may be a connection between the pathogenicity of legionellae for mammalian cells and animal models and their pathogenicity for amebae.
Whereas members of the genus Legionella, particularly L. pneumophila, are recognized as important etiologic agents of pneumonia (12) , little is known about the clinical relevance of LLAPs; nevertheless, some evidence suggests that they may be an unrecognized and possibly significant cause of respiratory disease. LLAPs' inability to grow or multiply in the absence of amebae makes it difficult to isolate or identify them in clinical samples by conventional techniques. No serologic reagents are currently available for the detection or identification of LLAPs in clinical specimens. It is particularly noteworthy that one LLAP strain was originally isolated by amebal enrichment of a sputum specimen from a patient with pneumonia (13) . Clinical samples from the patient were culture and serologically negative for L. pneumophila serogroups 1 through 6. However, incubation of the sputum sample with Acanthamoeba polyphaga resulted in numerous bacteria-infected amebae. The patient demonstrated a fourfold rise in antibody titer to the bacteria from the infected amebae. Even though the bacteria, now known as LLAP-3, could not be recovered on BCYE, the patient was treated for Legionella infection and recovered (13) . Attempts to culture LLAP-3 on BCYE or on any other artificial media have been unsuccessful.
Since the discovery of LLAP-3, there has been further serologic evidence for the involvement of LLAPs in pneumonia. Between 1989 and 1993, the Public Health Laboratory (Leeds, UK) routinely screened sera from patients with suspected Legionnaires' disease for antibodies to LLAP-3 and found more than 10 cases with appropriately timed rising titers and several convalescent-phase sera. A few cases of respiratory disease with rising titers to LLAP-1 and little activity to LLAP-3 were also found (13) .
In a study to assess the role of LLAPs in community-acquired pneumonia, 19% of 500 hospitalized patients with pneumonia of unidentified origin demonstrated a > fourfold rise in antibody titer to 1:128 to at least one of nine LLAPs tested (14) . These patients had no evidence of infection with known Legionella species (15). Cross-reactivity or nonspecific antibody rises may have accounted for some of the cases. Nevertheless, these findings are particularly important since no etiologic agent is identified for an estimated 50% of the 500,000 adult pneumonia cases occurring annually in the United States (16) (17) (18) .
With the exception of S. lyticum, LLAPs have not been named or classified because the inability to cultivate them on laboratory media has limited their genetic and biochemical characterization. In specimens from patients with pneumonic illness, for whom conventional culture and serologic tests for legionellae were negative (13, 22, 23) . The Gen-Probe system is a rapid diagnostic test for legionellae that uses a DNA probe complementary to the rRNAs of Legionella species (23, 24) .
To establish the degree of relatedness of all known LLAPs to each other and to other members of the family Legionellaceae, we recently amplified the 16S rRNA gene from five LLAP strains (LLAP-1, LLAP-2, LLAP-7, LLAP-8, and LLAP-9), using primers specific for Eubacteria. The amplified DNA was sequenced and compared with other bacterial sequences (including those of all Legionella species and LLAPs) held by GenBank/EMBL. Analysis of the 16S rRNA gene sequences showed that all 12 LLAPs in this study are closely related (91.2% to 97.0% similarity over 1303 bases of 16S rRNA sequence) to members of the genus Legionella. This is consistent with the 16S rRNA sequence identity (90.2% to 99.1% over 1303 bases) that exists between the 39 validly described members of the genus.
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Phylogenetic analysis showed that all the LLAPs in this study form a coherent cluster with other this study, LLAPs were cocultured with Hartmannella vermiformis and Acanthamoeba polyphaga, depending on the most suitable host for each LLAP. Samples were cultured on blood agar and BCYE without cysteine to rule out bacterial contaminants. Bacteria were separated from amebae by differential centrifugation of cocultures before isolation of genomic DNA for ribosomal DNA sequencing.
The genes that code for rRNA in bacteria are highly conserved and can be used to establish the phylogenetic relationship between organisms (19) . Previous 16S rDNA analysis of S. lyticum (20) and LLAP-3 (21), showed that they are closely related (91.6% to 95.8% rRNA similarity) to members of the genus Legionella. It was, therefore, suggested that LLAPs may have been responsible for the Gen-Probe positive 1 Genomic DNA was isolated by standard methods and extracted with phenol/chloroform. A 1400-bp 16S rDNA segment was amplified by using primers specific for Eubacteria and based on a consensus of Legionella 16S rRNA sequences. Each strain was sequenced at least 3 times to ascertain accuracy of obtained results. 16S rRNA sequences for all Legionella species, those of some previously sequenced LLAPs and Coxiella burnetii were obtained from GenBank/EMBL and aligned with sequences generated in this study, using the GCG sequence analysis package (version 8.0). Comparisons were performed at NCBI using the BLAST network service (32) . Ambiguous and hypervariable regions were removed before phylogenetic analysis, which was carried out on 53 strains for 1303 nucleotides by the neighbor-joining method from the Phylogeny Inference Package (Phylip) (33), version 3.5. Multiple datasets (X100) were analyzed, and different distance models were compared to ensure reliability. Some of the 16S rRNA sequences included in the data analysis are of unpublished and undescribed stains. basis of a minimum sequence identity of 97.0% between strains of the same species (Table 3 ). However, they may include new subtypes of previously described species. It is also possible that these strains represent more than five species because, even though 16S rRNA sequence identity can be used routinely to distinguish and establish relationships between genera and well-resolved species, it may not be sufficient to guarantee species identity (25, 26) . For example, in this study, several Legionella species had sequence similarities exceeding 98.0%. L. cherrii and L. wadsworthii shared a sequence similarity of 98.7%. L. rubrilucens and L. erythra had a sequence identity of 99.1%. L. sainthelensi and L. cincinnatiensis were likewise identical by 99.1%. Furthermore, bacterial strains exhibiting more than members of the family Legionellaceae (Figure 2) . LLAP-1, LLAP-8, and LLAP-10 were grouped in distinctly different clades, whereas LLAP-2, LLAP-3, LLAP-6, LLAP-7, LLAP-9, and S. lyticum formed a single well-defined clade, most closely related (>96.9% similarity) to another clade consisting of LLAP-4, LLAP-11, and LLAP-12 ( Figure 2 ). LLAP-2, LLAP-3, LLAP-6, LLAP-7, LLAP-9, and S. lyticum shared a 16S rRNA sequence similarity of >98.9%. LLAP-11 and LLAP-12 had 16S rRNA sequence homology of 100%. Overall 16S rRNA sequence similarity values from some Legionella species, all the LLAPs in this study, and Coxiella burnetii are shown in Table 2 . These results suggest that these 12 LLAP strains may represent up to five new species of Legionella and their various subtypes on the exhibiting more than 99.5% rRNA sequence identity may belong to different species by current standards for DNA-DNA hybridization (70% DNA reassociation) (25) . DNA hybridization studies are, therefore, needed to determine species identity.
Dispatches 228
Preliminary fatty acid analysis showed that these LLAPs have branched fatty acids, characteristic of members of the genus Legionella. The gas liquid chromatography fatty acid profiles obtained, however, appeared to be distinct from those of other known legionellae (data not shown).
LLAP-2, LLAP-3, LLAP-7, and LLAP-9 reacted positively with antiserum prepared against S. lyticum. Fluorescent antibody tests also showed some LLAPs to react positively with the polyvalent Legionella antiserum contained in the Remel Legionella Poly-ID Test Kit. 2 Several attempts have been made to culture LLAPs on conventional Legionella media, BCYE. S. lyticum could occasionally be recovered from a coculture with amebae on alanine supplemented BCYE (27) . We attempted to grow 12 LLAP strains on regular BCYE and BCYE supplemented with various amino acids, including alanine, and have recently succeeded in cultivating LLAP-6, LLAP-7, LLAP-9, and LLAP-10 on bacteriologic media for the first time. All colonies had the characteristic cutglass appearance associated with legionellae.
LLAP-1 had previously been cultured on BCYE supplemented with sodium selenate (13, 28) . In this study, LLAP-1 was successfully cultured on regular BCYE and BCYE supplemented with alanine in the absence of sodium selenate. S. lyticum, LLAP-1, LLAP-6, LLAP-7, LLAP-9, and LLAP-10 had a cysteine requirement for growth. Other factors influencing growth are yet to be determined, but sodium selenate and alanine may not necessarily be required for growth. Cultivation of LLAPs on bacteriologic media still cannot be considered a routine process because recovery is not always possible, and extremely low numbers of the plated bacteria produce colonies.
Some species of Legionella are known to produce colonies that autofluoresce on exposure to long-wave ultraviolet (UV) light. This facet of their colonial morphology often assists in identifying and speciating isolates. LLAP-2, LLAP-6, LLAP-7, LLAP-9, and S. lyticum exhibited blue-white autofluorescence when exposed to long-wave UV light while LLAP-1 and LLAP-10 did not autofluoresce. This is consistent with the clustering pattern (Figure 2) where the blue-white fluorescent LLAPs formed a well-defined clade.
On the basis of these results, we propose that all 12 Legionella-like amebal pathogens be included in the genus Legionella as Legionella species, with 2 The Remel Poly-ID kit used in this study is designed to identify 22 species and 31 serogroups of Legionella (34, 35 Branched chain fatty acids predominate cell wall. Chemoorganotrophic, using amino acids as carbon and energy sources. Carbohydrates are neither fermented nor oxidized. Isolated from surface water, mud, and from thermally polluted lakes and streams. There is no known soil or animal source. pathogenic for humans, causing pneumonia (Legionnaires' disease) or a mild, febrile disease (Pontiac fever) (30, 31) . The description in Bergey's Manual should be amended to include the following statement: "Some legionellae appear to be primarily obligate intracellular parasites of amebae that exhibit little or no growth on current laboratory media."
Further characterization is needed to classify each LLAP strain to species level and assess the need for additional amendments to the present description of the genus Legionella. Appropriate diagnostic techniques are needed to determine the clinical relevance of LLAPs, and particularly their possible role in respiratory disease. 
